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IS : 1448 (Part XI) - 1962 [p : 45] 

KNOCK CHARACTERISTICS OF AVIATION FUELS BY 
THE AVIATION METHOD 

(P:45) 
Adapted from ASTM Designation: D 61 4-58 T 



1. SCOPE 

1.1 This method describes the test for determining the knock characteristics, 
at a lean fuel-air ratio, of fuels for use in aircraft engines of the spark-ignition 
type. By operational considerations, this method is restricted to testing 
fuels of 70 aviation octane number and over. It is also limited to testing 
at barometric pressures above 71-1 cm of mercury. 

2. TERMINOLOGY 

2.0 For the purpose of this method, the following definitions shall apply. 

2*1 Aviation Octane Number Below 100 — The whole number nearest 
the percentage by volume of uo-octane (2, 2, 4-trimethylpentane) in a 
blend with n-heptane that matches the relative combustion temperature of 
the fuel when compared by this method. 

2.1.1 By definition the aviation octane number of wo-octane is 100 and 
that of w-heptane is 0. 

2.2 Aviation Rating Above 100 — The number of millilitres of tetraethyl 
lead (TEL) per 3-78 litre in fjo-octane. 

2.2.1 Aviation ratings are normally expressed as octane number below 100 
and as performance number above 100. At 100, a rating may be expressed 
either as 100 octane number or as 100 performance number. 

Note 1 — Because the octane number scale ends at 100, another arbitrary scale of 
values called performance numbers has been adopted for designating grades of aviation 
gasoline above 100 octane number. This scale was derived empirically in such manner 
that the performance number of an aviation fuel might represent approximately its 
maximum knock-free power output expressed as a percentage of the maximum knock- 
free power output of wo-octane under comparable operating conditions. This scale 
is used in all specifications for expressing antiknock performance of aviation fuels with 
ratings above 100 octane number. 

Thus a rich-mixture rating of 130 performance number in a given engine means that 
the fuel is capable of delivering approximately 130 percent of the knock-limited power 
obtainable with fso-octane under take-off conditions, provided the engine is designed 
for its utilization. Likewise, a lean-mixture rating of 115 performance number denotes 
that the fuel is capable of delivering approximately 115 per cent of the power obtainable 
with wo-octane when both are knock-limited under cruising conditions, provided the 
engine is designed for its utilization. 

2.2.2 Sometimes it is desirable to convert octane number to performance 
number. This can be done by using Table I and Table II (see P 28-29). 
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3. OUTLINE OF THE METHOD 

3.1 The aviation octane or performance number of a fuel is determined 
by comparing its average combustion-chamber temperature with those for 
bracketing blends of reference fuels of known octane or performance numbers 
under standard operating conditions. This is done by varying the compres- 
sion ratio for the sample to obtain the standard thermal plug temperature 
as defined by a match temperature line and as measured by a thermocouple 
(in the thermal plug) and a potentiometer. When the thermal plug 
temperature for the sample is bracketed between the temperatures for two 
reference blends differing by not more than the amounts specified 
in 10.4, the rating of the sample is calculated by interpolation. 

4. APPARATUS 

4.1 The knock testing unit consists of a single cylinder engine of continu- 
ously variable compression ratio, with suitable loading and accessory 
equipment and instruments, mounted on a stationary base. 

Note 2 — Further details about the testing unit, its installation, maintenance, etc, 
will be covered in Indian Standard Manual, of which the details may be taken from 
the latest issue of ASTM Manual for Rating Aviation Fuels by Supercharge and Aviation 
Methods. 

5. REFERENCE MATERIALS 

5.0 The following reference materials are required. 

5.1 /so-octane (2, 2, 4 - trimethylpentane) — This fuel in the pure 
state has, by definition, an octane number 100. 

5.2 n-Heptane — This is a low antiknock fuel, which in its pure state has, 
by definition, an octane number of (zero) . 

5.3 Reference Blend — These shall be prepared from wo-octane and 
rc-heptane specified in 5.1 and 5.2 respectively, after blending them in the 
requisite proportions. If, for example, an 87 octane number reference blend 
is required this will be prepared by mixing uo-octane and n-heptane in the 
volumetric proportion of 87 to 13 respectively. 

5.4 Tetraethyl Lead — It is blended with uo-octane for making ratings 
over 100 octane number. 

5.5 Benzene — conforming to the following requirements, is required for 
establishing the match temperature line and for blending with reference 
fuels to check rating characteristics: 

Characteristic Requirement 

Specific gravity at 15-56°/ 15-56°C 0-8820 to 0-8860 
Colour Not darker than solution of 0-003 g 

of K 2 Cr 2 7 in 1 litre of water 
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Characteristic Requirement 

Total distillation range at 760 mm Not more than 1°C, including the 

pressure, for any one sample temperature of 80-l°C 

Solidifying point, Min 4-85°C (anhydrous basis) 

Acid wash colour Not darker than No. 2 colour 

standard 
Acidity No free acid, that is, no evidence of 

acidity 
Sulphur compounds Free of hydrogen sulphide, sulphur 

dioxide and carbon disulphide 
Copper corrosion Copper strip shall not show irrides- 

cence nor a gray or black deposit 

or discolouration 

6. OPERATING CONDITIONS 

6.1 The following standard operating conditions are mandatory. 

6.1.1 Engine Speed — 1 200 ±12 rpm, with a maximum variation of 12 rpm 
during a test. 

6.1.2 Spark Advance — constant, 35° ±1°. 

6.1.3 Spark Plug Gap — 0*508 ±0-1 27 mm (or 0-020±0-005 in.). 

6.1.4 Breaker-Point Gap — 0-508 mm (or 0-020 in.). 

6.1.5 Valve Clearances — intake 0-203 mm (or 0-008 in.), exhaust 0-203 mm 
(or 0008 in.), measured with the engine hot and running under standard 
operating conditions on a reference fuel of 87 octane number. 

6.1.6 Crankcase Lubricating Oil — SAE 50, having a kinematic viscosity 
range of 16-8 to 22-8 cS at 99°C (or 210°F). 

6.1.7 Oil Pressure — 4-2 ±0-7 kg/cm a (or 60±10 lb/in. 2 ) under operating 
conditions. 

6.1.8 Oil Temperature — 66°±5°C (or 150° ±10°F) with the temperature 
sensitive element completely immersed in the crankcase oil. 

6.1.9 Coolant Temperature— 191 ±5°C (or 375 ±9 F) in the line that 
returns the cooling liquid from the condenser to the cylinder. 

6.1.10 Intake Air Humidity — 3-5 to 7 mg of water vapour per g (or 25 to 50 
grains per pound) of dry air. When air of this humidity prevails in the 
engine room through the operation of natural factors or air-conditioning, 
it may be used without further conditioning, its humidity being determined 
by sling psychrometer. 

6.1.11 Intake Air Temperature — 52° ±3 C C (or 125°±5°F) at the carburettor 
entrance. 

6.1.12 Mixture Temperature— 104° ±1°C (or 220°±2°F) as indicated by 
the required thermometer. 
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6.1.13 Carburettor Venturi — 19 mm (or 3/4 in.) diameter at the throat. 

6.1.14 Micrometer Adjustment — set to read 0-500 mark (5-5 to 1 com- 
pression ratio) with the piston at top dead centre and with a clearance 
volume of 142 ml to the top face of the thermal plug hole on cylinders 
of standard or over size bore as measured by either of the tilt procedures 
described in the Manual (see Note 2). 

6*1.15 Fuel-Air Ratio — adjusted for maximum thermal plug temperature 
as follows: 

At each compression ratio and for each fuel being tested, adjust 
the fuel-air ratio by varying the carburettor float level in increments 
until the setting that produces a maximum thermal plug tempera- 
ture is obtained. As it is required that this float level setting be between 
0-8 and 1*8 mark, it may be necessary to change the size of the metering 
jet for some fuels. 

6.1.16 Standard Thermal Plug Temperature — at which fuel ratings are 
made, varies with the knock value as defined by the match temperature line 
determined in accordance with 8. 

6.1.17 Firing Without Spark — The engine should cease firing instantly 
when ignition is turned off. If firing without spark occurs, examine the 
engine for defects, particularly for carbon deposits or faulty spark-plug 
condition, and remedy such defects before fuels are rated. 

7. STARTING AND STOPPING THE ENGINE 

7.1 Starting the Engine — While the engine is being motored, turn on the 
ignition and start the engine by setting the carburettor to draw fuel from one 
float bowl. 

7.2 Stopping the Engine — ■ Turn off the fuel, then the ignition, drain all 
fuel bowls, and motor the engine for one minute before stopping the syn- 
chronous motor. To avoid possible corrosion and warping of valves and 
seats between operating periods, close both valves by turning the flywheel 
to top dead centre on the compression stroke. 

8. MATCH TEMPERATURE LINE PROCEDURE 

8.1 Determine the match temperature line for each engine at the beginning 
of each day's operation as described in 8.2 to 8.5, redetermining it 
if any part in contact with the combustion chamber (such as piston, 
thermal plug, etc) is replaced. 

8.2 Obtain the match temperature for benzene and an 87 octane number 
blend of wo-octane and w-heptane. While maintaining the fuel-air ratio 
for maximum thermal plug temperature with these fuels, adjust the compres- 
sion ratio as described in 9 until equal thermal plug temperatures 
within 1°C (or 2°F) are obtained for the average of three alternate 
comparisons of the two fuels. 
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8.3 With the engine running on benzene and while maintaining the fuel-air 
ratio for maximum temperature, reduce the compression ratio by one whole 
unit and after equilibrium has been attained record a second thermal plug 
reading. 

8.4 Using graph paper illustrated in Fig. 1, plot both the temperature 
points at their compression ratio values. A line drawn through these 
points constitutes the benzene line. 

8.5 Draw a line through the match point obtained in the first step (see 8.2) 
at a slope three-fourths that of the benzene line. This match temperature 
line, illustrated in Fig. 1, defines the standard thermal plug temperatures at 
which fuel ratings are to be made. 
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9. ADJUSTMENT OF COMPRESSION RATIO AND 
CARBURETTOR 

9.1 It is necessary to make an approximate adjustment of the compression 
ratio before setting the fuel level for maximum thermal plug temperature, 
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after which the final adjustment of the compression ratio to obtain standard 
thermal plug temperature is made. In making these adjustments, clock- 
wise rotation of the cylinder adjusting crank reduces the compression ratio 
and results in a lower thermal plug temperature, counterclockwise rotation 
increases both compression ratio and plug temperature. 

9*2 Preliminary Adjustment of Compression Ratio — Fill one bowl 
of the carburettor with the sample, and turn the selector valve to draw fuel 
from this bowl. Set the fuel level to give approximately maximum tem- 
perature and adjust the compression ratio until nearly standard thermal 
plug temperature is obtained. As any necessary readjustment of fuel-air 
ratio will probably increase the temperature, time can be saved by setting 
the compression ratio so that the observed thermal plug temperature is 
slightly less than standard. 

9.3 Adjustment of Fuel-Air Ratio — Adjust the fuel level for the position 
of maximum thermal plug temperature as follows. 

9.3.1 With a setting, for example, of 1*3 mark on the etched glass scale, 
allow the temperature to reach equilibrium and record the readings. Then 
obtain and record thermal plug temperatures for richer fuel-air ratios by 
raising the fuel level by 0*1 increments to settings of 1*2, 1*1 and so on, until 
the temperature has decreased at least 5°C (or 9°F) from the maximum 
obtained. Reset the fuel level at the position for which the maximum 
temperature was obtained, for example 1*2. Follow the same procedure 
for leaner fuel-air ratios by setting in turn at 1*3, 1-4, and so on, until the 
temperature has decreased at least 5°G (or 9°F) from the maximum. Set 
the fuel level at the position for which the maximum temperature was 
obtained or midway between the two positions for which the temperature 
was the same, for example, 1-25. This is the position for maximum thermal 
plug temperature. Verify it at least once by settings at levels 0*1 on either 
side; in the example just taken, at both 1-15 and 1*35. If a higher tem- 
perature is obtained at either of these positions, the setting is in error and 
repetition of the entire procedure is necessary. For each setting of the 
fuel level allow the plug temperature to reach equilibrium before recording 
readings. 

9.4 Carburettor Cooling — For normal conditions carburettor cooling 
shall not be used. If, however, a tendency for the sample to bubble or boil 
in the fuel-level sight glass is observed when making the adjustments 
in 9.3, it is recommended that carburettor cooling apparatus be used as 
described in the Manual (see Note 2). 

9.5 Final Adjustment of Compression Ratio — If after the above 
procedure, the thermal plug temperature for the sample does not fall upon 
the match temperature line as defined in 8.5, readjust the compression 
ratio until the deviation does not exceed 1°C (or 2°F). Use this setting 
for the remainder of the test. 
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10. BRACKETING THE TEST FUEL 

1.0.1 First Bracketing Reference Fuel — Based on the expected knock 
rating of the sample, place a trial blend of thoroughly mixed reference fuel in 
another carburettor bowl. Without changing the compression ratio, 
operate the engine on this blend and adjust the level of this float bowl to 
the position for maximum thermal plug temperature as described in 9.3. 

10.2 Second Bracketing Reference Fuel — Select a second trial blend 
of the reference fuels such that the maximum thermal plug temperature 
obtained for the sample will be between those for the reference fuel blends. 
Place the second trial blend in the third carburettor bowl. Without chang- 
ing the compression ratio, operate the engine on this blend and adjust the 
level of the float bowl to the position for maximum thermal plug temperature. 
If the knock values of the first and second trial blends do not differ by more 
than the amounts specified in 10.4, continue the test; otherwise try additional 
blends of reference fuels until this requirement is met. 

10.3 Obtaining Thermal Plug Readings — With the three carburettor 
bowls set at the fuel-air ratios giving maximum thermal plug temperatures, 
take a series of readings for the sample and the two reference fuel blends. 
In each case allow the temperature to reach equilibrium before recording 
the reading. Bracket the sample between the two blends of reference fuels 
at least three times. A convenient way to do this is to take reading in the 
order of the second reference fuel, the sample, the first reference fuel, the 
sample, the second reference fuel, the sample and the first reference fuel. 
In changing fuels, always allow at least one minute for the engine and the 
thermal plug temperature to reach equilibrium; with some fuels an 
appreciably longer time interval may be required. 

10.4 Maximum Bracket Limits — The difference in knock values 
between the reference fuels selected for the final bracket should not exceed 
two octane numbers for values below 100. Above 100 the difference should 
not exceed the following values which are given in terms of millilitre of 
TEL in wo-octane. 



Range of TEL in Iso-octane, 


Permissible Difference 


ml per 3-78 litre 


ml 


Up to 0-6 


0-2 


0-6 „ 1-0 


0-4 


1-0 „ 20 


0-5 


20 „ 4-0 


1-0 


4-0 „ 6-0 


2-0 



11. TESTS TO SPECIFIED RATING 

11.1 If a fuel is being tested to determine whether it meets a specified 
rating, the following procedure may be used. 
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11.1.1 Adjust the compression ratio of the engine so that standard thermal 
plug temperature (see 9) is obtained at the mixture ratio for maximum 
temperature with a reference fuel having the specified rating. With no 
change of compression ratio, operate the engine on the sample at the mixture 
ratio for maximum temperature. The sample passes if the average thermal 
plug temperature for it, obtained by three alternate comparisons, is equal to, 
or less than the thermal plug temperature obtained for the reference fuel. 

12. REPORTING 

12.1 Average the thermal plug temperature readings obtained in accordance 
with 10.3 for the sample and for each of the reference fuel blends. Find 
the aviation rating of sample by interpolation from the averages so obtained. 

12.2 Report ratings below 100 octane number to the nearest integer; 
when the interpolated figure ends with 0-50, round off to the nearest even 
number; report for example, 91-50 as 92, not 91 (see also IS: 2-1960). 

12.3 Report ratings above 100 octane number in concentration of TEL per 
3-78 litre of uo-octane; to the nearest 0*05 ml below 1*0 ml, to the nearest 
04 ml from 1*0 ml to 3-0 ml; and to the nearest 0-25 ml for 3-0 ml or more. 

13. REPRODUCIBILITY 

13.1 Although different scales are used for ratings by this method, the 
performance numbers listed in Table I and Table II provide a common 
scale for determining reproducibility below and above 1 00 octane number. 

Extensive data from independent laboratories over a number of years 
for many samples of conventional aviation gasolines have shown a standard 
deviation of 2 performance numbers (an average deviation of about 
1-5 performance numbers). Based on this standard deviation, the number 
of tests required to yield a rating of desired accuracy is given below: 

Accuracy Desired; Number of Tests Required to Obtain 

Performance number, the Desired Accuracy 

Plus or Minus 



r 

9 times 
out of 10 


19 times 
out of 20 


-- - i 
99 times 
out of 100 


1 


1 


2 


3 


4 


7 


11 


15 


27 



4 
2 
1 

This table shows that it is normally necessary to obtain two ratings to 
be within plus or minus 4 performance numbers of the true value in about 99 
cases out of 100. On the other hand, if an accuracy of plus or minus 1 
performance number is desired with a certainty of 90 percent (9 times out of 
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10) it is necessary to obtain an average of eleven ratings in eleven different 
engines (preferably in eleven independent laboratories). 

Although the above degree of reproducibility applies to conventional 
aviation gasolines when careful attention is given to the details of test pro- 
cedures and engine condition, it does not necessarily apply to fuels which 
differ materially from finished aviation gasolines. With such fuels, the 
reproducibility is likely to be lower and result iri higher standard deviations. 



TABLE I CONVERSION OF OCTANE NUMBERS TO PERFORMANCE 

NUMBERS 

{Clauses 2.2.2 and 13.1) 



Octane 


0-0 


0*1 


\ 0*2 


0-3 


0-4 


0*5 


r~ 

0*6 


0*7 


0-8 


0-9 


Octane 


Number 


" 


! 




PERF< 










49-0 




Number 




3RMAN1 


CJE NUM1 
48*7 


BER 


48-9 




70 


48*3 


48-4 


48-4 


48-5 


48*6 


48-8 


49*0 


70 


71 


49-1 


49*2 


49*3 


49-4 


49-5 


] 49-6 


i 49*6 


49-7 


49*8 


49-9 


71 


72 


50-0 


50*1 


50-2 


50-3 


50*4 


50-5 


50-5 


50-6 


50*7 


50-8 


72 


73 


50-9 


51*0 


5i*i 


51*2 


51-3 


51-4 


51*5 


51*6 


5i*7 


51*8 


73 


74 


51-9 


51*9 


52-0 


52-1 


52*2 


52*3 


52-4 


52*5 


52-6 


52*7 


74 


75 


52-8 


52*9 


53*0 


53*1 


53*2 


53-3 


53*4 


53*5 


53-6 


53*7 


75 


76 


53*8 


53*9 


54*1 


54-2 


54*3 


54*4 


54-5 


54-6 


54*7 


54-8 


76 


77 


54-9 


55-0 


55-1 


55*2 


55-3 


55-4 


55*6 


55-7 


55*8 


55-9 


77 


78 


56-0 


56*1 


56*2 


56-3 


56-5 


56*6 


56*7 


56-8 


56-9 


57*0 


78 


79 


57-1 


57-3 


57-4 


57*5 


57-6 


57-7 


57-9 


58-0 


58*1 


58*2 


79 


80 


58-3 


58*5 


58-6 


58-7 


58-8 


58*9 


59-1 


59*2 


59=3 


59-4 


80 


81 


59*6 


59-7 


59*8 


60*0 


60-1 


60-2 


60*3 


60*5 


60-6 


60-7 


81 


82 


60-9 


61-0 


61*1 


61*3 


61*4 


61-5 


61-7 


61-8 


61-9 


62*1 


82 


83 


62-2 


62-4 


62*5 


62*6 


62-8 


62-9 


63*1 


63*2 


63*3 


63*5 


83 


84 


63-6 


63-8 


63-9 


64*1 


64*2 


64-4 


64-5 


64-7 


64*8 


65*0 


84 


85 


65-1 


65-3 


65-4 


65*6 


65*7 


65-9 


66-0 


66-2 


66-4 


66*5 


85 


86 


66-7 


66*8 


67*0 


67-2 


67*3 


67-5 


67*6 


67*8 


68-0 


68-1 


86 


87 


68-3 


68*5 


68-6 


68-8 


69*0 


69-1 


69-3 


69-5 


69*7 


69-8 


87 


88 


70-0 


70*2 


70-4 


70-5 


70*7 


70-9 


71*1 


71*2 


71-4 


71*6 


88 


89 


71*8 


72*0 


72-2 


72-4 


72-5 


72*7 


72*9 


73*1 


73-3 


73-5 


89 


90 


73-7 


73*9 


74-1 


74-3 


74*5 


74*7 


74-9 


75-1 


75-3 


75-5 


90 


91 


75-7 


75-9 


76-1 


76-3 


76-5 


76*7 


76-9 


77*1 


77-3 


77*6 


91 


92 


77-8 


78-0 


78*2 


78-4 


78-7 


78*9 


79-1 


79*3 


79-5 


79*8 


92 


93 


80-0 


80-2 


80-5 


80-7 


80*9 


81-2 


81*4 


81*6 


81*9 


82*1 


93 


94 


82-4 


82*6 


82-8 


83*1 


83-3 


83-6 


83-8 


84-1 


84-3 


84-6 


94 


95 


84*8 


85*! 


85-4 


85-6 


85-9 


86*2 


86*4 


86-7 


87-0 


87-2 


95 


96 


87*5 


87-8 


88*1 


88*3 


88*6 


88*9 


89-2 ! 


89*5 


89*7 


90*0 


96 


97 


90-3 


90*6 


90-9 


91-2 


91*5 


91*8 


92*1 1 


92*4 


92*7 


93-0 


97 


98 


93*3 


93-6 


94*0 


94*3 


94*6 


94*9 


95*2 1 


95-6 


95*9 


96*2 


98 


99 


96*6 


96*9 


97-2 


97*6 


97*9 


98-2 


98*6 


98*9 


99*3 


99*6 


99 


100 


100-0 


J 


— 


- 


- 


- 


— 


- 




I 


~ 


100 
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TABLE II CONVERSION OF TETRAETHYL LEAD IN ZSO-OCTANE TO 
PERFORMANCE NUMBERS 

(Clauses 2.2.2 and 13.1) 



TEL in 






















TEL in 


Iso- 


0*00 


0*01 


0-02 


0-03 


0-04 


0-05 


0*06 


0-07 


0-08 


0-09 


/»- 


OCTANE 
ml PER 

3-78 
litre 






i 








. 








OCTANE 

ml PER 

3'78 

litre 








PERFORMANCE NUMBER 


102-8 


! 103-2 


103-6 


0-0 


100-0 


100-4 


100-8 


101-2 


101*6 


' 102-0 


i 102-4 


00 


0-1 


104-0 


104-3 


104*7 


105-0 


105*4 


'■ 105-7 


106-1 


106-4 


106*8 


107-1 


01 


0-2 


107-4 


107-8 


108-1 


108-4 
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